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© Semiconductor device comprising a heat sink. 

© A semiconductor device comprising a semiconductor ele- 
ment (3) is secured by means of indium solder (6} on a heat- 
dissipating support (2) of copper or a copper alloy. 

There is provided between the support (2) and the indium 
solder (6) a barrier layer, which consists of a cobalt layer (7) 
coated with an extremely thin gold layer (8). 
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TITLE MODIFIED 
ffnnr™*"^" T device see front page 

The invention relates to a semiconductor device 
comprising a semiconductor element which is secured by means of indium 
solder on a heat-dissipating support of copper or a copper alloy, a 
barrier layer being formed between the support and the indium solder. 

5 Indium solder has. the advantage that the melting 

temperature is comparatively low. It is used, for example, for soldering 
semiconductor laser elements. The semiconductor laser elements are not 
allowed to reach a high temperature; the support, which has to ensure a 
good heat dissipation, is chosen to be made mostly of copper. However, 

10 indium diffuses into copper so that a barrier layer has to be formed 
between the support and the solder. It is known to use a barrier layer 
of molybdenum. However molybdenum cannot readily be provided and the 
cost price of molybdenum is high. Platinum is also suggested to be used 
as a barrier layer. However, platinum has the same disdvantages as 

15 molybdenum. 

The invention has for its object to provide a 
semiconductor device of the kind mentioned in the opening paragraph, 
which has a barrier layer which acts effectively, can be provided in a 
simple manner and is inexpensive. It is a surprise to find that a very 

20 effective barrier between indium and a support of copper or a copper 

alloy is obtained if the barrier layer consists of a cobalt layer coated 
with a very thin gold layer. The cobalt layer prevents the diffusion of 
indium into the copper of the support, while the thin gold layer ensures 
a good wetting during soldering. 

25 in a favourable embodiment of the invention, the cobalt 

layer has a thickness of at least 2 /urn and the gold layer has a tickness 
lying between 0.05/iir. and 0.1 yum. 

According to a further embodiment of the invention, the 
cobalt layer and the gold layer are applied by electrodeposition. The 

30 fact that the cobalt can be applied by electrodeposition means a 

considerable simplification in the manufacture with respect to other 
barrier materials, such as molybdenum. 
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The Figure shows diagraaaatically a support with a 
semiconductor element secured on it, while for the sake of clarity the 
parts of the Figure are not all drawn to scale. 

A support 2 for a semiconductor element 3 is secured on a 
5 part 1 of an envelope (not shown) of the semiconductor device. The 
semiconductor element 3 may be, for example, a semiconductor laser 
element, which can be composed in known manner of a plurality of layers 
of gallium arsenide and gallium aluminium arsenide. For a soldering 
connection, the major surface to be soldered of such an element is 
10 provided, for example, with a molybdenum layer 4, to which a gold layer 

5 is applied. „ 

The support is made of copper or of a copper alloy. A 
good dissipation of the heat developed in the laser element 3 is than 
ensured. The semiconductor laser element is secured to the support by 
15 indium solder 6. The use of the indium has the advantage that the 

melting temperature during soldering may be comparatively low, of 
the order of 160°C to 200°C, depending upon the composition. However, 
indium solder tends to diffuse into copper. In order to avoid the 
soldering layer disappearing entirely in the copper, a barrier layer has 

20 to be provided. 

It is a surprise to find that a layer of cobalt forms a 
particularly suitable barrier against diffusion of indium into copper, k 
cobalt layer 7 is applied to the support 2 and a very thin gold layer 8 
is applied to the cobalt layer 7. The gold layer 8 ensures a good 

25 wetting during soldering. The layers 7 and 8 can be advantageously 

applied by electrodeposition; they can be present over the whole surface 
of the support. It is already sufficient when the layers 7 and 8 are 
present only at the area of the indium solder. However the process of 
applying the layers thus becomes more complicated. It will be 

30 appreciated that the layers 7 and 8 may also be deposited in a different 
manner, for example by vapour deposition. However, this process is 
generally more laborious than electrodeposition. It is recommendable, 
at any rate if the barrier layer is applied only locally to the support, 
to first apply to the support a thin layer of nickel or nickel 

35 phosphorus in order to prevent oxidation of the copper . 

Experiments have shown that a barrier layer having a 
thickness of the cobalt layer of 2/im or more and of the gold layer of 
0.05 to 0.1 /im yields particulary favourable results. 
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CLAIMS 



, A semiconductor device comprising a semiconductor element 

which is secured by means of indium solder on a heat-dissipating support 
of copper or a copper alloy, a barrier layer being provided between the 
support and the indium solder, characterized in that the barrier layer 
consists of a cobalt layer coated with a very thin gold layer. 
2 A semiconductor device' as claimed in Claim 1 , 

characterized in that the cobalt .layer has a thickness of at least 2 /urn 
and in that the gold layer has a thickness lying between 0.05 /um and 0.1 



/urn. 
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A semiconductor device as claimed in Claim 1 or 2, 



characterized in that the cobalt layer and the goW layer are applied 
by electrodeposition. 
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